INTRODUCTION
============

Bone defects in the human maxilla are common and mostly determined by a premature loss of teeth due to periodontal disease or trauma. Frequently, a reduction in alveolar bone volume is also evident, which cannot be adequately treated with osseointegrated implants \[[@B1]\].

To create favorable conditions for implant placement, bone reconstruction or augmentation may be necessary. This involves the use of different grafting materials and techniques resulting in predictable procedures for endosseous implant placement \[[@B2]\]. The autogenous graft remains the gold standard for bone regeneration with a high predictability of results \[[@B3]\]. Among the potential donor sites, the body and ramus of the mandible are most suitable because they provide adequate, dense bone with sufficient volume for implant placement, have short healing periods, can be accessed easily, and have a low morbidity \[[@B4]-[@B6]\].

The autogenous bone graft is considered an excellent technique because it lacks antigenicity, but contains osteoconductive and osteoinductive properties, although direct osteogenesis derived from the graft cells is low. Moreover, it is not clear whether procedures that facilitate vascular ingrowth and substitution of the graft also favor healing. This study aimed to assess the ability of autogenous bone grafts with perforations versus those without perforations to repair critical size bone defects in rehabilitation patients with dental implants.

MATERIALS AND METHODS
=====================

Patients
--------

Patients who underwent ridge augmentation due to a bone deficiency prior to implant placement were recruited from the Oral and Maxillofacial Surgery Division of the Araraquara School of Dentistry, Univ Estadual Paulista. In total, 10 adult patients (6 women and 4 men; mean age, 46 years) with a loss of one or more teeth and atrophy of the alveolar process with indication for reconstructive procedures that would allow for rehabilitation with dental implants were included in the study. All patients presented without a documented medical history. Current smokers or any patients with a systemic disease or long-term corticosteroid therapy use were excluded from this study.

The treatment plan was fully explained to all patients before clinical and radiographic evaluations were carried out. The treatment protocol included (1) an operation for bone augmentation, (2) a 6-month healing period, and (3) a second surgical procedure for biopsy and implant placement. All patients provided informed consent to donate their bone tissue, which was removed during implant surgery, for histological examination. The Ethical Committee in Human Research of Araraquara Dental School, São Paulo State University, approved this protocol (\#31/10).

Groups
------

First, the patients were randomly allocated to receive either grafts with a perforated inner surface (n=5) or grafts without a perforated surface (n=5).

Surgical procedures
-------------------

All patients were anesthetized with 2% mepivacaine with epinephrine 1:100,000. Full-thickness flaps were reflected to allow the satisfactory exposure of the recipient site. In all patients, the external cortex of the host bed was perforated with a 702 fissure bur (KG Sorensen, São Paulo, Brazil).

Following the protocol by Misch et al. \[[@B6]\], bone was removed for grafting from the lateral mandibular body and ramus. After anesthesia, the donor area was exposed and the graft area was delineated. The osteotomies were executed with a small fissure bur to outline the dimensions of the bone block. Care was taken to penetrate only the cortical layer to avoid injury to the inferior alveolar nerve ([Fig. 1](#F1){ref-type="fig"}). A straight elevator was placed along the sagittal cut, and the lateral block of bone was green-stick fractured and removed. Grafts in the perforated group were prepared by perforating the inner surface, which would be in contact with the host bed using a 702 fissure bur, aiming to increase surface area and facilitate vascular ingrowth ([Fig. 2](#F2){ref-type="fig"}). In the nonperforated group, the internal surface of the bone graft was kept intact. The grafts were then fixated to the recipient site with 1.5-mm titanium screws (Conexão Prosthesis Systems, São Paulo, Brazil) ([Fig. 3](#F3){ref-type="fig"}) \[[@B7]\].

Once the graft was adapted and fixated to the site, an incision through the periosteum near the base of the flap allowed the tissue to cover the graft without tension. Then, the recipient and donor areas were sutured with 6.0 nylon (Johnson & Johnson, São José dos Campos, Brazil). All patients received antibiotic, analgesic, and anti-inflammatory drug therapy as well as routine clinical and radiological follow-up. The patients were instructed not to use their prosthesis for 15 days. After that, the old prostheses were adjusted and resupported with a tissue conditioner. This procedure was repeated monthly to check for soft tissue lesions suggestive of excess compression or localized trauma.

Biopsy procedure
----------------

After a 6-month healing period, a biopsy was performed on the grafted bone/recipient site interface. A bone specimen measuring approximately 2.5 mm in diameter and 8-10 mm in length was removed with a 3-mm hollow trephine bur (outer diameter) under copious saline irrigation. The specimen was carefully removed from the trephine bur, and the part corresponding to the buccal side was labeled with black India ink for ease of orientation during histological preparation.

Implant placement
-----------------

Immediately after the biopsy was taken, osseointegrated implants (Conexão Prosthesis Systems) were installed. Fixation screws were removed, and then implant site preparation and insertion were completed according to standard surgical protocols.

Histology analysis
------------------

All specimens were immediately fixed in a 4% formaldehyde solution in 0.1 M phosphate buffer (pH 7.3) at 4℃ until the implant could be embedded. All the biopsies were cold embedded in methyl methacrylate with a 20% resin solution. Nondecalcified, 5-µmthick sections were made along the axis of the biopsy. All specimens were stained with haematoxylin and eosin and examined under a light microscope for histological analyses (Leica Microsystems GmbH, Wetzlar, Germany).

RESULTS
=======

Among the patients who received nonperforated grafts, the bone tissue appeared immature with large trabecular spaces, and some areas had formed new tissue ([Fig. 4](#F4){ref-type="fig"}). In addition, fibrous connective tissue frequently appeared at the interface ([Fig. 5](#F5){ref-type="fig"}). Areas of integration of the bone graft to the host bed were observed at only a few locations.

Among those who had received grafts with a perforated inner surface, full union between the graft and host bed was observed ([Fig. 6](#F6){ref-type="fig"}). For all patients in this group, integration between the graft and recipient sites was found, with few areas of connective tissue at the interface ([Fig. 7](#F7){ref-type="fig"}). Upon clinical inspection, the volume of the perforated graft was better maintained and stability was higher than with the nonperforated graft.

DISCUSSION
==========

Several procedures have been proposed to obtain alveolar ridge augmentation in partially edentulous patients \[[@B8]\]. However, the most extensively employed procedure for those reconstructions are autogenous bone grafts. In the case of bone grafts, two-stage procedures seem to provide improved results \[[@B9],[@B10]\].

Autogenous block bone grafts are the preferred method for many types of augmentation procedures. These grafts create a source of viable cells and proteins and provide a scaffold for new bone formation, but without antigenicity \[[@B11]\]. Revascularization of a bone graft is critical for cell survival and graft incorporation \[[@B12]\]. To improve the incorporation of such grafts, cortical perforations in donor sites have been suggested to increase the surface area and open the medullary cavity \[[@B12]-[@B14]\].

Although membranous bone grafts of the face are described as capable of maintaining their volume better than bone grafts of endochondral origin, volume maintenance may be more a function of the physical characteristics of the grafted bone than anything else \[[@B15]\]. The body and ascending ramus of the mandible present a large amount of cortical bone. The cancellous portion of the bone graft has an important function, stimulating the osteogenic cells and undifferentiated marrow cells to grow and lay down bone on their surface. Initially, the cancellous bone promotes an inflammatory reaction characterized by the formation of a clot and dilation of adjacent blood vessels \[[@B16]\]. Osteoblasts from the host bed and some that have survived on the graft begin to secrete bone matrix while osteoinduction acts on the cells to promote further bone formation. Nonvital bone resorption and replacement by new bone is completed after only several months.

Cortical bone has to undergo resorption by osteoclasts prior to invasion by blood capillaries and new bone formation due to its dense architecture. Moreover, cortical bone revascularization is slower than that of cancellous bone, which has spaces for vascular and tissue ingrowth (trabeculae) and a large surface area that allows for direct bone formation. Thus, bone substitution in cortical bone grafts is relatively slow, but the volume of these grafts is more stable. However, cancellous bone grafts undergo fast substitution, but loose more volume than do cortical bone grafts, especially if cancellous bone grafts are used for onlay grafting under soft tissue compression \[[@B17]\].

Our results indicated that the corticocancellous block grafts harvested from the mandibular ramus are reliable with a high success rate for alveolar reconstructive procedures, which are similar to the findings of previous studies \[[@B4],[@B18]\]. In this study, morbidity was very low and the main symptoms included postoperative edema, pain, and occasionally transient hypoesthesia of the inferior alveolar nerve. During the second procedure, clinical evaluations demonstrated greater stability and better maintenance of the graft volume for the perforated grafts than that of the nonperforated grafts. Moreover, the histological evaluation indicated that a greater area of the graft was in direct contact with the host\'s bed bone and a greater amount of bone was incorporated into it, with a much smaller area of connective tissue at the graft/host bed interface in the perforated grafts than that of the nonperforated grafts. These factors account for the improved stability and decreased chance of the graft loosening, which is sometimes observed clinically.

According to Rompen et al. \[[@B13]\] perforations of the bone cortex create a bleeding surface that results in a layer of granulated tissue at the bone surface. Bone augmentation chambers were placed bilaterally on the rat calvaria and they demonstrated that cortical perforations increased skull thickness when compared to nonperforated controls at 8 and 16 weeks postoperatively. This highly vascularized tissue became mineralized, thus enhancing new bone formation \[[@B13]\].

However, Slotte and Lundgren \[[@B19]\] evaluated whether perforations in the donor bone marrow through the cortical plate would enhance bone formation in adjacent experimentally created space in the skulls of eight rabbits. The authors perforated about one-third of the cortical bone plate with seven evenly distributed holes, each with a diameter of 1.2 mm (experimental bone area) \[[@B19]\]. The bone on the control side was left intact and no bleeding occurred during the placement of the titanium lid \[[@B19]\]. No statistical differences were observed between the perforated test sites and the control sites in relation to the augmented bone volume \[[@B19]\].

In addition, Barbosa et al. \[[@B20]\] performed a histologic assessment in 12 rabbits for the amount of bone matrix in autogenous bone grafts that were fixated with or without perforation in cortical bone receptor sites. Osteotomies were performed bilaterally in the anterior parietal region. The bone was removed, perforated with a 0.9 mm helical bur, and fixed to the adjacent area 3 mm from the border of the osteotomy. On the contralateral side, six perforations were made in the receptor site using a round bur with a diameter of 0.5 mm. Both the periosteum and the skin were repositioned under primary closure \[[@B20]\]. After 28 days, the animals were sacrificed, and the tissues were removed for histomorphometric analysis. No significant differences in the total area of the grafts between the perforated and nonperforated sides were found \[[@B20]\].

Acocella et al. \[[@B18]\] stated that the mechanism of incorporation of bone block grafts into the surrounding bone is still unknown. The uncertainty stems from the results of some studies that do not show any benefit of perforated grafts as opposed to nonperforated grafts \[[@B19]-[@B22]\].

In this study, the density of the grafted bone may influence its level of incorporation and subsequent substitution, as was noted in our nonperforated group. Perforations of a partial thickness on the inner sides of the graft may have enhanced incorporation of the graft perhaps by increasing the surface area and facilitating tissue and vascular ingrowth.

In this study, reconstruction with autogenous bone grafts predictably recovered bone function and esthetics in patients with critical size defects. Periosteal preservation appears to be a serious factor in maintaining long-term stable bone volume in bone grafts. The partial thickness perforations of the inner sides of the graft may have enhanced incorporation of the graft to the host bed by increasing the surface area, facilitating tissue and vascular ingrowth, and enhancing the healing process (osteogenesis). In addition, bone graft perforations seem to improve clinical stability for the placement of dental implants. Within the limitations of this study, we found that intentional perforations in block bone grafts may influence the volume of the graft. In our nonperforated group, the density of the grafted bone may have caused difficulty in the incorporation and subsequent substitution of the graft.
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![Perforation of the graft\'s inner surface.](jpis-44-33-g002){#F2}

![Nonperforated grafts fixed to the host bed.](jpis-44-33-g003){#F3}

![On the inner side of the nonperforated bone graft, observations of immature bone, large trabecular spaces, and some areas of newly formed bone is possible (H&E, ×250). Black asterisks indicate the inner side of nonperforated bone graft and the presence of osteoclasts and bone resorption characterized by the presence of innumerous inflammatory cells like macrophages. Red asterisks indicate recently formed connective tissue with innumerous blood vessels.](jpis-44-33-g004){#F4}

![Nonperforated bone graft interface and the host bed with immature tissue (H&E, ×250). Black asterisk indicates the nonperforated bone graft with osteoclasts present. Red asterisk indicates the immature connective tissue interface in the supracrestal region.](jpis-44-33-g005){#F5}

![The inner side of the perforated bone graft with the perforated region created by cylindrical burs. Neoformed bone tissue characterized by the presence of innumerous osteocytes and medullary space and remodeling bone tissue with various osteoclasts are also present (H&E, ×250).](jpis-44-33-g006){#F6}

![Perforated region of the bone graft and host bed with a slight presence of connective tissue (H&E, ×250). Black asterisk indicates bone tissue from the receptor bed with innumerous osteocytes. Red asterisk indicates the inner side of the perforated bone tissue with meduallary spaces, osteoclasts, and osteocytes.](jpis-44-33-g007){#F7}
